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« What we cannot name, we cannot think. »
Michel Foucault — Les mots et les choses (1966)

« | am invisible, understand, simply because people refuse to see me. »
Ralph Ellison — Invisible Man (1952)






Foreword

It is an honour and a privilege to write this brief introductory note to this research
reporte entitled: Long COVID, the invisible iliness scrutinised by the Long COVID
Belgium Research Network . The report, written by Marc Jamoulle and the members of
the Network, is timely and of great importance.

Long COVID is a pathological condition in search of a solution, and the surest
path toward a therapeutic resolution lies in a deep understanding of its pathogenesis.
Likewise, nothing better elucidates the cause and mechanism of a mysterious disorder
than a multidisciplinary, patient-centred approach bringing together expert clinicians and
scientists. This kind of collaboration builds a bridge between the patient's bedside and
the laboratory, and it goes without saying that tra ¢ on this bridge must ow in both
directions.

As of May 2025, the pathogenesis of Long COVID remains unclear. Nevertheless, that
of hypoxaemic COVID pneumonia, the multisystem in ammatory syndrome in children,
COVID toes, and neuro-COVID has already been elucidated at least in some patients.
This is most encouraging and attests to the validity of the multidisciplinary approach.
There is therefore no reason to doubt that a major breakthrough for Long COVID is
within reach.

There is no doubt that the brilliant e orts undertaken by the members of the Long
COVID Belgium Network will play a key role in the study of Long COVID. This initia-
tive will bene t patients worldwide and deserves to be enthusiastically supported and
encouraged, without any reservation.

Professor Jean-Laurent Casanova
The Rockefeller University & Hopital Necker-Enfants Malades
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Executive Summary

Design and Multidisciplinary Framework

This self-initiated, independently funded research program, originating in general and
family practice, adopts a multidisciplinary framework by engaging patients as active
partners throughout the research process. The approach integrates diverse methodologies,
including:

Narrative medicine : systematic listening and structured symptom analysis using
the Human Phenotype Ontology.

Multi-omics : whole genome/exome sequencing, transcriptomics (global and tar-
geted), plasma proteomics (quantitative and untargeted), and lipidomics.

Systemic immunology : high-parameter ow cytometry, multiplex serum assays,
and single-cell RNA sequencing.

Neurobiology : investigation of patient-derived autoantibodies and their role in
pain symptomatology via in vivo and in vitro modeling.

Functional neuroimaging : Tc-99m HMPAO brain perfusion SPECT-CT and
single-voxel MR spectroscopy (MRS) to detect metabolic changes invisible to con-
ventional MRI.

Molecular virology and structural biology . characterization of SARS-CoV-2
and host interactions at molecular and structural levels.

Anthropological inquiry  : longitudinal interviews exploring illness narratives,
healthcare navigation, and social legitimacy.

Epistemological analysis : re ection on co-production of new disease categories by
molecular data, clinical practice, and patient expertise within quaternary prevention
ethics.

Computer science and biostatistics : integration and analysis of clinical, para-
clinical, and multi-omics datasets.

Patient partnership : collaboration with patients and the Long COVID Belgium
association to guide research priorities and interpretation.

Social partnership : engagement with community organizations, includind.e
Ressortin Gembloux, to address social dimensions of illness and care.

Anthropological and Epistemological Contributions

Qualitative investigations highlight diagnostic contestation, identity disruption,
and disparities in access to care, informing research priorities and patient-centered
outcome measures.



Epistemological analysis underscores the tension between rapid molecular advances
and slower clinical adaptation, stressing the ethical imperative to prevent both over-
and underdiagnosis within quaternary prevention.

Methodological Innovations

Use of large language models (LLMS) to analyze patient narratives and classify symp-
toms within standardized ontologies (e.g., Human Phenotype Ontology), introducing
the concept of aterminological biomarker

Cross-disciplinary collaboration among general practitioners, specialists, multi-omics
researchers, immunologists, neurobiologists, epidemiologists, anthropologists, and
computer scientists.

Systematic patient involvement through symptom diaries, clinical interviews, the
Long COVID Belgium association, and contributions fronliLe Ressortsocial workers.

Main Recommendations

1. O cial recognition of Long COVID as a chronic and disabling condition requiring
sustained medical, social, and policy attention.

2. Interdisciplinary expertise centers integrated with primary care to improve
diagnosis, management, and research coordination.

3. Standardization of clinical data through structured ontologies (HPO) and
harmonized data models (OMOP).

4. Political and nancial mobilization to support research, train healthcare pro-
fessionals, and ensure digni ed patient care.

5. Reduction of healthcare access inequalities by addressing socio-economic and
educational disparities across cohorts.

Conclusion

By integrating high-resolution biology and advanced imaging within a re exive social
science framework, the Belgian Long COVID Research Network has advanced the eld
from anecdotal reports of recurrent symptoms to coherent, multimodal evidence of SARS-
CoV-2 persistence. This multidisciplinary approach provides a robust foundation for
precision diagnostics, targeted therapies, and ethically grounded clinical practice for Long
COVID and other post-infectious syndromes. It underscores the central role of general
practice in early identi cation and management of emerging pathologies and calls for
a paradigm shift in research, healthcare delivery, and governance addressing invisible
chronic diseases.
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Resumen Ejecutivo

Disefio y Marco Multidisciplinario

Este programa de investigacion, auto-iniciado y nanciado de manera independiente,
originado en la medicina general y familiar, adopta un marco multidisciplinario al involucrar
a los pacientes como socios activos a lo largo de todo el proceso de investigacion. El
enfoque integra diversas metodologias, incluyendo:

Medicina narrativa : escucha sistematica y analisis estructurado de los sintomas
utilizando la Ontologia del Fenotipo Humano (HPO).

Multi-Omica : secuenciacion del genoma/exoma completo, transcriptomica (global
y dirigida), protedmica plasmatica (cuantitativa y no dirigida) y lipidomica.
Inmunologia sistémica : citometria de ujo de alta complejidad, ensayos séricos
multiplex y secuenciacion de ARN de célula Unica.

Neurobiologia : investigacion de autoanticuerpos derivados de pacientes y su papel
en la sintomatologia del dolor mediante modelos in vivo e in vitro.

Neuroimagen funcional : SPECT-CT de perfusion cerebral con Tc-99m HMPAO
y espectroscopia de RM de voxel unico (MRS) para detectar alteraciones metabdlicas
invisibles a la RM convencional.

Virologia molecular y biologia estructural . caracterizacion detallada del
SARS-CoV-2 y sus interacciones con el huésped a nivel molecular y estructural.

Investigacion antropoldgica : entrevistas longitudinales que exploran narrativas de
enfermedad, navegacion del sistema de salud y construccion social de la legitimidad.
Andlisis epistemoldgico : re exidn critica sobre la co-produccién de nuevas cat-
egorias de enfermedad por datos moleculares, practica clinica y experiencia del
paciente, dentro del marco ético de la prevencion cuaternaria.

Informéatica y bioestadistica : integracion y analisis de datos clinicos, paraclinicos

y multi-6micos.

Alianza con pacientes : colaboracion con pacientes y la asociacion Long COVID
Bélgica para guiar prioridades de investigacion e interpretacion.

Alianza social : colaboracién con organizaciones comunitarias, incluyendo la aso-
ciacion sin nes de lucroLe Ressorten Gembloux, para abordar las dimensiones
sociales de la enfermedad y la atencion.

Contribuciones Antropologicas y Epistemologicas

Las investigaciones cualitativas destacan la contestacion diagnéstica, la disrupcion de
la identidad y las disparidades en el acceso a la atencion, informando las prioridades
de investigacion y las medidas de resultado centradas en el paciente.
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El andlisis epistemoldgico subraya la tension entre los rdpidos avances moleculares
y la lenta adaptacion clinica, enfatizando la responsabilidad ética de evitar tanto
el sobre-diagnostico como el sub-diagnéstico dentro del marco de la prevencion
cuaternaria.

Innovaciones Metodoldgicas

Uso de modelos de lenguaje de gran escala (LLMs) para analizar narrativas de
pacientes y clasi car sintomas dentro de ontologias estandarizadas (p. €j., Ontologia
del Fenotipo Humano), introduciendo el concepto de ubiomarcador terminologico

Colaboracion interdisciplinaria entre médicos generales, especialistas, investigadores
en multi-Omica, inmunaologos, neurobidlogos, epidemiblogos, antropélogos e infor-
maticos.

Participaciéon sistematica de pacientes mediante diarios de sintomas, entrevistas
clinicas, la asociacion Long COVID Bélgica y contribuciones de los trabajadores

sociales dd_e Ressort

Recomendaciones Principales

1. Reconocimiento o cial del Long COVID como una condicién crénica y discapaci-
tante que requiere atencion médica, social y politica sostenida.

2. Centros de experiencia interdisciplinaria integrados con la atencién primaria
para mejorar el diagndstico, el manejo y la coordinacion de la investigacion.

3. Estandarizacion de datos clinicos mediante ontologias estructuradas (HPO) y
modelos de datos armonizados (OMOP).

4. Movilizacién politica y nanciera para apoyar la investigacion, capacitar a los
profesionales de la salud y garantizar una atencion digna a los pacientes.

5. Reduccion de las desigualdades en el acceso a la atencion  abordando las
disparidades socioecondmicas y educativas entre las cohortes.

Conclusion

Al integrar biologia de alta resolucion e imagen avanzada dentro de un marco re exivo
de ciencias sociales, la Red Belga de Investigacion sobre Long COVID ha hecho avanzar
el campo desde informes anecdéticos de sintomas recurrentes hacia evidencia multimodal
coherente de la persistencia del SARS-CoV-2. Este enfoque multidisciplinario proporciona
una base solida para el desarrollo de diagnésticos de precision, terapias especi cas y una
préactica clinica éticamente fundamentada para el Long COVID y otros sindromes post-
infecciosos. Ademas, subraya el papel central de la medicina general en la identi cacion
temprana y el manejo de patologias emergentes, y llama a un cambio de paradigma en la
investigacion, la atencion sanitaria y la gobernanza de las enfermedades cronicas invisibles.
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Chapter 1

Introduction

By Marc Jamoulle

1.1 Objectives of the Report

This report aims to provide an overview of the current state of knowledge about the
disease that patients have named Long COVID soon to be recognized as chronic COVID.
We describe the organization and missions of the Long COVID Belgium Research Network
and explain how clinical data collected in general practice are used in collaboration with
laboratories and research centers, in full partnership with patients and their associations.

Approaching a new disease begins with the careful observation of facts. Since paraclin-
ical tests are often inconclusive, and following Humboldt's approach, we rely on the art of
observation as our primary resource [1]. Patients themselves are the true experts of the
disease: their narratives are indispensable. Only a genuine physician patient partnership
allows for a comprehensive understanding of the condition.

Since Descartes, subjectivity has often been relegated to the background [2], yet here
it is the lived human experience that must guide our understanding of a phenomenon that
continues to evade the standard instruments of modern medicine [3].

1.2 State of the Art of Knowledge

1.2.1 Loss as a Central Element in Long COVID

All patients with Long COVID share a common characteristic loss as illustrated
in Figure 1.1, a word cloud generated from the narratives of the rst 34 patients seen in
my general practice in 2021 [4].Not always the same losses for everyone, nor all at once,
but loss nonetheless. Loss of ability, loss of energy, loss of memory, loss of words, loss of
balance, loss of taste and smell, loss of the body's automatic control systems, loss of sleep,
and often loss of employment. Loss of social relationships, libido, intimacy, relationships
with children, loss of their inner sense of self, and loss of trust in medicine.

Patients mourn for the lives they once had. Physicians who do not take the time
to listen or truly hear often Il this void with unfounded diagnoses such as burnout
or depression. Meanwhile, research progresses, and we now know we are dealing with
a disease of staggering complexity. Viral persistence is no longer in doubt, with the
virus attacking on multiple fronts causing endothelial injury, generating autoantibodies,
activating mast cells and platelets, and directly involving the intestines. All of this
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Figure 1.1 Patients' word cloud. Generated from the verbatim accounts of 34 patients seen in 2021. (M.
Jamoulle) [4] The term Loss dominates.

compounds the sequelae of the initial infection, presenting an extraordinary scienti c
challenge [5].

1.2.2 De nitional Approach

WHO De nition (2021) In October 2021, the WHO established a clinical de nition
of post-COVID-19 condition using the Delphi methodology. According to the WHO,
post-COVID-19 condition occurs in individuals with a history of con rmed or probable
SARS-CoV-2 infection, three months after the onset of COVID-19, with symptoms lasting
at least two months and for which no alternative diagnosis can explain these symptoms.
The most common symptoms include fatigue, dyspnea (shortness of breath), and cognitive
dysfunction (brain fog, memory, and attention disorders). These symptoms may persist
after the initial infection, appear following a remission phase, or uctuate over time [6].

CDC De nition (United States) The CDC de nes Long COVID more broadly as:

The wide range of signs, symptoms, and health problems that persist or
appear after an infection with SARS-CoV-2.

This de nition encompasses a broad spectrum of clinical manifestations that can a ect
multiple organ systems [7].

De nition by the National Academies of Sciences, Engineering, and Medicine
(NASEM)  Among the many de nitions already published, the one proposed by NASEM
appears to be the most comprehensive:

Long COVID (LC) is a chronic condition associated with an infection (infection-
associated chronic condition, IACC) that occurs after an infection with SARS-
CoV-2 and persists for at least three months. It may present in continuous,
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relapsing remitting, or progressive forms. Long COVID can a ect one or more
organ systems [8].

Long COVID manifests in multiple ways. A complete list of all signs, symptoms,
and conditions observed in this disease would contain hundreds of entries. All
organ systems may be a ected, and patients may present with one or more of
the following: shortness of breath, cough, persistent fatigue, post-exertional
malaise, di culty concentrating, memory loss, recurrent headaches, dizziness,
elevated heart rate, sleep disturbances, problems with taste or smell, bloating,
constipation, and diarrhea.

These conditions may appear as single or multiple diagnoses, including inter-

stitial lung disease and hypoxemia, cardiovascular diseases and arrhythmias,
cognitive disorders, mood disorders, anxiety, migraine, strokes, blood clots,

chronic kidney disease, postural orthostatic tachycardia syndrome and other

forms of dysautonomia, myalgic encephalomyelitis/chronic fatigue syndrome,

mast cell activation syndrome, bromyalgia, connective tissue diseases, hy-

perlipidemia, diabetes, and autoimmune diseases such as lupus, rheumatoid
arthritis, and Sjogren's syndrome.

This de nition could be re ned in light of the recent ndings presented in this report.

At present, it is almost certain that Long COVID is a uctuating, disabling,
slowly evolving, multisystemic chronic viral disease with neurological tropism,
with or without recovery, largely unknown to both the public and the medical
community.

1.2.3 Epidemiology of Long COVID

Post-COVID syndrome, or Long COVID, a ects a signi cant proportion of patients
after acute SARS-CoV-2 infection. A meta-analysis reports that, on average, 45% of
people who survived the infection had at least one unresolved symptom approximately
four months after infection. This prevalence is higher among hospitalized individuals
(52.6%) than among non-hospitalized individuals (34.5%) [9].

A transnational survey of 10,615 people indicates an overall prevalence of Long COVID
of 4.0% (95% CI: 3.6 4.5) in the general population and 8.0% (95% CI: 7.0 8.9) among
those infected [10]. International studies consistently report a higher prevalence in women,
particularly in persistent forms characterized by disabling functional symptoms.

Across the broader WHO European Region (53 countries), near86 million peo-
ple or about 3.6 % of the total population  may have experienced an episode of
Long COVID during the rst three years of the pandemic [11].

In the 27-member European Union, prevalence was estimated at abdu® % in 2022 ,
corresponding to nearlyl3 million people a ected [12].

It is well established that women are at higher risk of developing Long COVID than
men. According to WHO Europe modeling, the risk is twice as high for women and is
particularly elevated after severe disease requiring hospitalization (1 woman in 3 vs. 1
man in 5) [13].

A recent cohort study (RECOVER) estimated a relative risk of 1.31 (95% CI: 1.06 1.62)
for women, even after adjustment for sociodemographic and clinical factors [14]. These
values are consistent with those observed in our cohort.
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1.2.4 Patient Experience Centered Approach

Our perspective prioritizes the patient's holistic experience. It begins by observing a
clear break from the patient's prior health status before COVID-19 infection and then
examines underlying causes without preconceived alignment to known conditions. This
approach allows for greater exibility in recognizing emerging patterns or conditions that
may not yet t established diagnostic criteria.

References to epidemiological studies such as ComPare and RECOVER highlight the
value of identifying symptom patterns that align with large-scale datasets, o ering both
validation and contextualization of ndings through extensive research [15, 16].

Patients with Long COVID present with a wide range of symptoms, including fatigue,
cognitive disorders (commonly referred to as brain fog ), dyspnea, and neurological
problems. These symptoms may uctuate over time and frequently overlap, complicating
the application of standard diagnostic criteria. Long COVID manifests through several
hundred physical and psychological signs and symptoms whose prevalence varies across
individuals. The absence of de ned biomarkers further complicates diagnosis, making
clinicians heavily reliant on patient-reported observations, which may be subjective and
variable.

From a clinician's perspective, the natural course described by patients strongly
resembles that of a uctuating viral infection, similar to what is observed in certain cases
of herpes or hepatitis B and C.

This situation underscores the need to adopt innovative approaches to e ectively
identify and manage Long COVID in primary care. Routine laboratory tests are often non-
contributory, and repeated clinical encounters with similar presentations have prompted
the search for additional sources of knowledge.

Moreover, symptoms may uctuate over time, profoundly altering the patient's func-
tional status with intermittent periods of remission. It is therefore essential to listen to
patients and acknowledge the exceptional value of their contributions [17]. This approach
Is further explored later in this report.

1.2.5 Long COVID as an Exercise in Quaternary Prevention

The relationship between physicians and patients is shaped by the encounter between
lived experience and science between the patient's awareness of being ill (or not) and
the accompanying anxiety, and the physician's knowledge or uncertainty. From this
interaction, we can derive a two-by-two table representing four elds, as shown in Figure
1.2 [18, 19].

One eld involves a healthy patient meeting a physician in a non-disease context, such
as for counseling or vaccination (box 1). Another arises when the physician suspects
disease and pulls the patient toward early diagnosis or screening for a condition unknown
to the patient (box 2). A third occurs when both physician and patient agree that disease
is present this is the realm of curative care as well as rehabilitation (box 3). Finally,
there is the fourth quadrant: the patient feels acutely ill, yet the physician nds nothing
and unsuccessfully tries to t the patient into known diagnostic frameworks (box 4).

The rst three boxes correspond to the classical de nitions of primary, secondary, and
tertiary prevention. The fourth quadrant, however, represents the domain of quaternary

prevention: preventing harm from medical practice itself [20]. . ) _
In the case of Long COVID, as we will see later, many patients remastuck in the

fourth quadrant : they are severely ill, do not understand what is happening to them,
and often see their symptoms dismissed by physicians seeking to t them into established
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Figure 1.2 Prevention model illustrating the intersection between the patient's experience and
the physician's actions. The oblique timeline takes both patient and physician fromalpha to
omega ultimately leading them to the same inevitable point: mortality. In the context of Long
COVID, patients often remain trapped in the fourth quadrant feeling ill while the physician fails

to recognize the illness. To prevent this ordeal, the physician must engage in critical self-re ection
regarding their own knowledge and biases. The central curved arrow signi es that the principle
of quaternary prevention applies to all actions (Jamoulle, 1986) [18].

diagnostic categories. These patients feel abandoned by medicine and desperately seek

help. The work undertaken by the scientists in the Long COVID network is therefore
aimed at identifying the disease, naming it, describing it, elucidating its pathophysiology,
and supporting patients. This research represents a concrete exercisequaternary
prevention namely the prevention of harm caused by medical practice itself [21].

1.2.6 Impact of Long COVID and Perspectives

The consequences of the emergence of this new disease are profound. As Dr. Ziyad

Al-Aly and colleagues have noted [22]:

Long COVID can have devastating e ects on individuals' lives and, because of
its complexity and prevalence, it also has major repercussions on health systems
and economies, even threatening progress made in achieving the Sustainable
Development Goals. Meeting the challenge posed by Long COVID requires an
ambitious and coordinated research and policy response strategy, which has so
far been absent at the global level.

In terms of quality of life and Disability-Adjusted Life Years (DALYs), the graph
reproduced in Figure 1.3, published by a U.S. consumer association, is striking. DALYs
measure the overall burden of disease by integrating both years lost due to premature
mortality and years lived with disability.



Long COVID unfortunately ranks rst, even ahead of chronic obstructive pulmonary
disease (COPD), which is often linked to smoking and pollution.

It is also associated with a substantial loss of productivity at work; given the high
number of people a ected, this situation has major repercussions for health systems, the
labor market, and the economy as a whole [23].

Figure 1.3 Morbidity burden of selected diseases in the United States, measured in DALYs.

While signi cant budgets have been allocated at both the global and European levels to
study the phenomenon and protect populations, in Belgium, little appears to be happening.
Our institutions seem paralyzed: no dedicated research budget, no operational structure,
no coordinated initiatives in medical faculties, hospitals, or public health agencies.

The national insurer has developed an administrative response, and some hospitals
have opened Long COVID consultations or established online support systems. Yet this
response remains inadequate and disappointingly modest compared to what is being done
elsewhere in Europe. The Belgian medical and public health community seems frozen.

In contrast, while no public initiative has emerged, scienti ¢ mobilization has begun
through the independent creation of d.ong COVID Research Network , now fully
operational in our country This report sets out the objectives and methods used to
produce collaborative results drawing on diverse disciplines: clinical medicine, genomics,
transcriptomics, proteomics, advanced immunology, neurobiology, imaging, computer and
bioinformatics sciences, anthropology, and epistemology.

1.2.7 Current State of Knowledge on Long COVID: Toward Recog-
nition of a Systemic Chronic Viral Iliness
Post-COVID-19 syndrome, or Long COVID, is now recognized as a clinical entity
characterized by the persistence or recurrence of symptoms several months after the acute

infection. Its multi-organ involvement and uctuating clinical manifestations highlight
the complexity of its underlying pathophysiological mechanisms.
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Recent literature, notably the omics review by Baalbaket al. (2025), provides a
comprehensive mapping of the biological alterations associated with post-viral syndromes,
reinforcing the concept of a sustained systemic disorder.

Moreover, an emerging line of research implicatégpolysis Stimulated ReceptorgLSR)
in viral persistence and possible SARS-CoV-2 reactivation in speci c tissues [24]. This
nding opens new avenues for understanding chronicity mechanisms at the molecular
level.

Clinical Phenotypes and Biological Signatures

The work of Baalbakiet al. identi es several clinical phenotypes commonly observed
in Long COVID: chronic fatigue, cognitive impairment, cardiovascular involvement,
gastrointestinal disturbances, and dysautonomia. These clinical pro les correlate with
distinct biological signatures, including persistent immune activation, oxidative stress,
mitochondrial dysfunction, and metabolic dysregulation.

The Hypothesis of a Systemic Chronic Viral Disease

Multi-omics approaches reveal persistent transcriptional alterations and low-grade
in ammation months after the initial infection, strengthening the hypothesis of a smol-
dering chronic infection. Converging evidence supports the existence of a viral reservoir
comprising RNA, proteins, or non-infectious viral particles persisting well beyond the
acute phase [25].

The primary sites implicated include the intestinal mucosa, lymphoid tissues, and
immune-privileged compartments such as the central nervous system and testes. A land-
mark study from the Institut Pasteur demonstrated that SARS-CoV-2 infected hamsters
exhibit a neurodegenerative molecular signature in the brainstem, with overexpression of
innate immune response genes and altered expression of genes regulating dopaminergic
and glutamatergic synapses, energy metabolism, and proteostasis [26]. These molecular
alterations were accompanied by behavioral changes, including persistent depressive-like
symptoms, impaired short-term memory, and late-onset anxiety features [27].

Our Contribution

Thanks to blood samples consented by many patients from the Charleroi cohort
and other centers, the Long COVID Research Network has conducted transcriptomic,
proteomic, immunophenotypic, autoimmune, and lipid metabolomic analyses, con rming
viral persistence and elucidating the underlying mechanisms.

In parallel, members of the network have collected standardized clinical data essential
for biostatistical analyses, while an anthropological approach has documented patients'
lived experiences. Atthe same time, epistemological considerations have been integrated to
critically examine the production and validation of knowledge surrounding Long COVID.

All of these works constitute the material of this volume.



1.3 Management of Patient Information: General Prac-
tice Facing the Structural Limits of the Belgian
Health System

by Marc Jamoulle

General Practice in Belgium: A Shrinking Universe

General practitioners (GPs) in Belgium face growing bureaucratic constraints within
an increasingly rigid healthcare system. Their technical and clinical roles are progressively
reduced, often limited to administrative tasks such as writing certi cates, attestations, or
prescriptions. While supporting illness and su ering remains central to their mission, access
to diagnostic tools laboratory tests, imaging, or specialized procedures remains largely
controlled by hospitals and specialists, restricting GPs' capacity to exercise autonomous
and integrated clinical judgment.

This re ects a national cost-containment policy that marginalizes primary care in
favor of hospital-based medicine, which is viewed as the exclusive center of expertise and
technological innovation. As a result, general practice is relegated to administrative triage
rather than being recognized as a full partner in clinical care.

Table 1.1 Diagnostic labels recorded for the rst 50 Long COVID patients in the Charleroi cohort
(2021 2022). Source: M. Jamoulle.

Generalized anxiety disorder

Angina pectoris

Alzheimer's disease

Pulmonary embolism

Hyperventilation

Fibromyalgia

Traumatic shock

Occupational exhaustion

Panic attacks

Post-traumatic stress disorder

Depression

Lazy adolescent (comment from a teacher)
Irritable bowel

Functional colopathy

Burnout

Malingering

Autism spectrum disorder (comment from a psychiatrist)

Despite these constraints, GPs occupy a unique position in the healthcare system
through continuity of care and accumulation of information across multiple providers [28].
They are often the rst to witness dysfunctions in the care process, as shown in Table 1.1
and Figure 1.4.

The Belgian national insurer explicitly recognizes this role on itsong COVID Care
Pathway webpage:

The general practitioner plays a central role in supporting the patient throughout
their treatment plan, ensuring regular follow-up and coordinating care with all
providers involved, including those managing work incapacity.

Yet, the annual remuneration of 25 euros per patient for care-pathway follow-up starkly
contradicts this stated objective, reducing GPs' potential contributions to little more than
formal declarations.



Figure 1.4 Male, 29 years old, Master's student in the humanities. Acute COVID in 06/2020, two
additional episodes in 2021 and 2023. Outpatient. Long COVID diagnosed in 02/2025. Technetium
scintigraphy 03/2025: heterogeneous cerebral perfusion with multiple non-systematized focal hyper xation
areas, indicating SARS-CoV-2 encephalitis. Previously consulted in nine healthcare institutions across
seven cities between June 2020 and January 2025. Excluding laboratory medicine, 38 physicians from
15 specialties were involved (source: Walloon Health Network Hub, Medispring software). M. Jamoulle
consultation, 2025.

An Obsolete IT Network Presenting Itself as Innovative

The Health Network (Walloon, Brussels, Flemish), funded by the Belgian state to
centralize health data, could have been a powerful tool for managing medical information.
Technically secure and accessible to both physicians and patients, it nevertheless functions
largely as a digital repository of scanned documents rather than a structured medical
database. Information is stored without metadata, standardization, or analytical tools,
making systematic use for research or clinical coordination extremely di cult.

Despite integrating international classi cation systems, very few physicians have
received training in using them, leaving this vast database largely underutilized. As
a result, searching for clinically relevant information often requires hours of manual
review across fragmented records. Patients circulate between providers without e ective
coordination, as illustrated in Figure 1.4.

1.3.1 The Biographical Shift Induced by Long COVID and the
Double Uncertainty

Long COVID often strikes individuals who previously considered themselves healthy,
turning an acute infection into a profound biographical rupture. Even those with prior
health conditions report a radical, unprecedented change in their physical and cognitive
capacities. Basic daily activities become exhausting or impossible.

Patients struggle to make sense of this transformation. Without cultural or familial
references to interpret their symptoms, some conceal them, internalize guilt, or misattribute
them to psychological causes.

Physicians, confronted with atypical complaints that elude standard diagnostic frame-
works, may underestimate or dismiss symptoms. Medical records reveal highly heteroge-
neous labels (Table 1.1), re ecting this diagnostic uncertainty. Over time, patients often

9



wander through multiple institutions, as laboratory results remain normal and advanced
imaging inconclusive, leading eventually to psychiatric referrals when no alternative
explanation emerges.

Where long-term physician patient relationships exist, general practitioners may be
the rst to perceive this profound shift. Yet in Belgium's system of free specialist access,
care remains fragmented by organ system rather than integrated around the patient.

Figure 1.5 Acrylic painting by Nora Jamoulle entitted Fog. The work evokes both the scientic

uncertainty faced by physicians and the cognitive fog experienced by patients, hindering communication
as though both inhabit the same mist.
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1.4 Partnering with Patients

Towards a new relationship with patients: contributions from the association, its
pediatric group, and patient experts Martin Spanoghe, Alexandre Muylle, Céline Decamp,
Valérie Delcourt, Marie Coquel, Tomaso Antonacci, patient experts.

1.4.1 Long COVID Belgium ASBL

Long COVID Belgium is a non-pro t association founded on February 20, 2024, by
and for individuals a ected by Long COVID. Its primary mission is to contribute to the
recovery and improved quality of life of all those impacted by the disease. The association
is led by patients themselves, with the active involvement of caregivers and parents of
a ected children.

As of March 2025, it brings together nearly 400 members and leads a much larger
community through a highly active Facebook group counting 2,382 members.

The association's objectives, summarized in Figure 1.6 and presented on its website
https://longCOVIDbelgium.be , include:

Raising awareness and ensuring o cial recognition of Long COVID and its conse-
guences;

Securing research funding and facilitating Belgium's integration into international
scienti ¢ networks and clinical trials;

Achieving recognition of Long COVID as a chronic, serious illness, with patients
designated as a high-risk population;

Advocating for multidisciplinary care networks aligned with scienti c advances,
including the creation of specialized expertise centers;

Supporting patients throughout their care journey, promoting autonomy, quality of
life, and the defense of their rights.

Figure 1.6 Strategic priorities of the patient association Long COVID Belgium.

Contribution to the Long COVID Belgium Research Network

Long COVID Belgium plays an active role in the Long COVID Belgium Research Net-
work, while ensuring strict compliance with patient rights and data protection regulations.
Its main contributions include:
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Providing access to a patient cohort representative of the full spectrum of Long
COVID symptoms in Belgium. These voluntarily engaged patients share experiences,
respond to surveys, and participate in clinical research. A major questionnaire-based
survey conducted between July and September 2023 has already produced valuable
insights [29].

Acting as a bridge between patients and other stakeholders. This two-way communi-
cation ensures that patients are informed about scienti ¢ progress, while researchers
and clinicians remain connected to real-world patient experiences.

Mobilizing patient experts trained by the Patient Expert Center (PEC) to co-design
patient-centered healthcare servicesttps://patientexpertcenter.be/fr

Leading public awareness campaigns to rally support and reduce the invisibility of
Long COVID in society.

Advocacy for the Recognition of Long COVID: Achievements

Media visibility and collective mobilization. The association has contributed to
numerous press articles, television reports, and public debates to increase awareness of
Long COVID in Belgium.

A symbolic lying down protest organized in Brussels on March 15, 2025, in collabo-
ration with Dutch-speaking patients, denounced the invisibility of Long COVID su erers.
The event received broad coverage in both French- and Dutch-speaking media.

Citizen petition. A citizen petition demanding urgent and sustainable funding for at
least one dedicated Long COVID/Post-COVID expertise center focused on biomedical
research, diagnostics, and treatment development has collected 2,151 signatures to
date [30].

Political engagement. Ahead of the June 9, 2024 elections, a memorandum was
addressed to political leaders at regional, federal, and European levels. It highlights:

Severe deterioration in patients' quality of life,

Insu cient access to adequate care,

Progressive disengagement from health policy,

And persistent denial within parts of the medical profession.

The document calls for urgent action through coordinated, evidence-based measures.
Meetings with policymakers including Ministers Vandenbroucke, Degryse, and Coppi-
eters, as well as representatives from INAMI and KCE have already taken place. At
INAMI, the association speci cally advocated for:

Improved access to existing treatments,

O cial recognition of Long COVID as a high-risk condition,

Extended consultation times supported by targeted training programs,
Enhanced care pathways, especially regarding continuity and duration.

Tools and Data for Awareness and Action

Knowledge production and practical tools. Long COVID Belgium has produced
several key resources for patients, practitioners, and policymakers:
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A societal survey entitled Beyond the Symptoms: Social Implications and Barriers
Faced by Long COVID Patients, presented at the symposiunhong COVID in
Belgium: From Clinical Aspects to Public Health Consequenc@dLB, September

29, 2023). Based on 73 questions across six thematic areas, it collected responses
from 367 participants. The full survey report provides a detailed analysis of the
social repercussions of Long COVIOdngCOVID2023enquete .

Amplifying the voices of children and adolescents through projects such as
the photo exhibition by Charlotte, one of whose works appears on the cover of this
volume [31].

Developingan online practical guide for pediatric Long COVID designed
for families and educators. Created collaboratively by parents, young patients,
healthcare professionals, and association members, it 0 ers concrete strategies for
supporting a ected children [32].

Training patient experts  in collaboration with the Patient Expert Center (PEC).
A rst cohort of 17 patients is undergoing intensive training to become essential
partners for clinicians, researchers, healthcare institutions, and policymakers.

1.4.2 A Patient Expert Shares His Long COVID Journey

By Bram Rolus, civil engineer & patient expert, Sint-Niklaas, Belgium

| was a working professional, married, father of three, passionate about sports. Running,
tennis, and winter sports gave me energy and balance. In March 2020, | caught COVID-19.
| stopped working for a few weeks to recover, never imagining that this seemingly mild
infection would mark the beginning of a long and painful journey. This testimony is my
story. It is personal, but it also resonates with that of many others. It is the account of
what it means to become an expert in your own illness.

Figure 1.7 Con ned to bed yet driven by necessity, the patient turns to the internet and medical journals
to decode a silent illness.© M.S.
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When It Slips In Unnoticed

The acute phase passed, but | never truly returned to my former self. It didn't
happen overnight the change crept in quietly, like a thief in the night. Slowly, almost
imperceptibly, | began to notice things slipping: a dull fatigue that lingered, moments of
mental fog, a growing struggle to concentrate. Over time, the symptoms became harder
to ignore headaches, breathlessness, memory lapses. In 2021, | was reinfected. That was
when the decline accelerated, and everything deepened.

The Temptation of Psychiatric Labeling

The rst doctors suspected stress, burnout, even depression. | was told to rest, exercise,
let go. But nothing helped. Every e ort, even minimal, triggered a harsh relapse: muscle
pain, fever, paralyzing fatigue. Climbing stairs was enough to make my heart race. The
husband and father | had been slowly disappeared like snow melting in the sun. And |
felt myself sink into something no one seemed to understand.

With no clear medical answers, | began to chart my own path. | wrote everything
down: symptoms, relapses, exams, consultations. Not out of obsession, but necessity. It
gave me an anchor, helped me notice patterns no one in the traditional care system saw.

I have always been a precise person my work demands technical accuracy and
analytical thinking. Not being able to work at the same pace was hard to accept. But
this need for clarity now helps me understand my illness and structure my recovery. |
have been able to identify patterns and logics that no one else perceived.

Medical Practices Misaligned with Ethics

What hurts most is the contrast between my own sense of ethics thoroughness,
attentiveness, responsibility and what | too often encountered in healthcare: rushed
consultations, hasty judgments, erroneous diagnoses. My story was too often reduced to
burnout, anxiety, or even hypochondria. Yet | had documented everything.

As the anthropologist Arthur Kleinman observes:

Physicians learn to treat diseases, not experiences; to repair bodies, not to
address the experience of su ering. Yet this is precisely the experience patients
want us to understand and respond td33]

Between 2021 and 2024, | saw dozens of specialists: neurologists, psychiatrists, pul-
monologists, cardiologists, therapists. My lungs, heart, blood, sleep, and brain were
examined. Each time: everything is normal. Yet | was no longer functioning. And it
was clear that none of these doctors were reading the growing literature on Long COVID
in their respective elds.

Two Readings of the Same Brain

In 2024, | nally had an isotopic brain imaging exam. For the rst time, something
was found: hypoperfusion in brain areas linked to memory, attention, and language. This
explained the cognitive di culties. A neuropsychological exam con rmed the disorders.
For the rst time, | felt heard.

But even then, nothing was simple. Two centers performed the same brain scan, with
radically di erent interpretations. The rst, a psychiatrist, concluded it was a psychiatric
disorder: overcontrol, rumination, hypersensitivity. The second described clear cerebral
hypoperfusion, consistent with a vascular form of Long COVID.
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Same Exam, Two Diagnoses: Mental Disorder or Organic Sequelae?

How is this possible? For me, it was not just troubling it was a demonstration of the
central role interpretation plays in complex cases.
As Allen Frances points out:

There is no objective test in psychiatry no X-ray, no lab result, no clinical
marker that can con rm with certainty whether someone does or does not have
a mental disorder. All diagnoses rely on interpretation[34]

When interpretation is neither rigorous nor validated, as is too often the case in
psychiatry, we end up with uncertain hypotheses presented as certainties. Anything
outside conventional frameworks is suspect. Anything challenging established dogma is
taboo. New hypotheses, alternative approaches, and lived patient experience are too often
dismissed.

Symptoms That Don't Seem to Belong Together

Fatigue is the most disabling symptom. It is not mere tiredness: it is a deep, total
exhaustion that sleep does not relieve. Sometimes, a conversation drains me more than a
walk. My executive functions are impaired. | take notes constantly, organize my thoughts
meticulously, and rely on reminders to avoid mistakes.

| have learned to live with safety margins: just because | can do something does not
mean | should. Rest has become a priority, even if it goes against social expectations.

| have always loved nature the forests of the Ardennes are my refuge. Walking,
breathing outdoors, is my way of reconnecting. But some days, even that is too much.

My social life has shrunk. | often cancel plans at the last minute. My children know
that Dad needs rest. But they too deserve a present, attentive father. | constantly have
to choose between what | can do and what | must give up.

When Systems Fail: The Case of Insurance

On top of the medical struggle comes nancial pressure. As | am self-employed,
working with my wife, we are well insured. Yet my income protection insurance fails
to recognize Long COVID for what it is. Because the condition does not t standard
frameworks, decisions are often delayed or denied. It sometimes feels as if the lack of
formal recognition works in their favor. That uncertainty places enormous strain on both
our private and professional lives.

When the Medical System Fails, You Invent Your Own Science

What helps me today is having found caregivers who listen the doctors and researchers
of the Network mentioned in this report. They take the time. They consider that this
illness may be a complex post-viral syndrome. It is thanks to them that | discovered
the lipolysis-stimulated receptor (LSR) [35], a hypothesis involving lipid-mediated viral
reactivation. This helped me understand certain symptoms, connections to diet, and
neurological e ects.

My illness has become a research project. My personal journal is more than a
tracking tool it is a source of care, perhaps even a contribution to this report. It is
encouraging nally, patients are being heard but also sad: it took so much e ort just
to be acknowledged.

15



A Knowledge Community Born of Medical Neglect

My story is not unique. We are thousands. We are no longer just patients but
researchers of our own cases. We read scienti ¢ papers, send samples to labs, analyze our
own data. Not out of distrust, but because no one is doing it for us.

As Professor Fiona Jones and colleagues write:

People living with Long COVID helped shape research during the pandemic, and
researchers must continue to acknowledge the importance of their contribution.
[36]

In recent months, | have begun to question many things in medicine. | have looked for
mechanisms, cross-referenced data, asked new questions. Not out of despair, but because
| have learned to see patterns where others do not.

My illness has become a research project. And all this while my brain craves rest,
ghting information overload. It is a cruel paradox: the system expects me to comply,
while my survival depends on understanding for myself what is happening.

This does not t the traditional model where the doctor holds the knowledge and the
patient must follow. But for me, that has never been enough. It was only when | was
given the space to think, to question, that | could begin to build my own recovery.

| hope this testimony will not only contribute to the recognition of Long COVID, but
also to a broader re ection: it is time to open medicine to new ways of healing.

Medicine that listens, that collaborates, that recognizes lived experience. Only under
these conditions can we build human and sustainable care.
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Chapter 2
Method

By Marc Jamoulle

Action research requires exibility and continuous re ection [37]. It is often di cult
to conform to the traditional format of a linearly structured study. In practice, successive
observations and partial results modify the initial course of the work, revealing new
methodological and conceptual challenges. Within this evolving movement, an interdisci-
plinary network of researchers gradually took shape in response to needs encountered in
the eld described in [38]. This dynamic largely unforeseen at the outset led to the
mobilization of expertise from varied domains, ranging from clinical medicine to the social
sciences, via multi-omics, advanced imaging, terminology, medical informatics, and data
science. This informal network took the namé&ong COVID Belgium Research Network

We can speak here oparticipatory action research (PAR) [39], which relies on a
process of continual adjustment between methods used and results observed, within a
dynamic of reciprocal learning. PAR is a systematic empirical investigation carried out in
collaboration between representatives of the study population and researchers, with the
aim of taking action or intervening on the questions or problems under study.

The evolving context of the research was also reshaped by the arrival of powerful
technological tools, such as large language models (LLMs), which by 2023 had become
indispensable instruments [40]. Extensively leveraged for their capabilities in text process-
ing and terminological analysis, these models accelerated the processing of clinical records
while opening new perspectives for structuring and deepening knowledge [41].

Long COVID, as a medical, social, and political phenomenon, raises complex challenges
requiring integrated approaches and tools compatible with contemporary requirements
for biostatistical analysis. With this in mind, standards such as the OMOP model
(Observational Medical Outcomes Partnership) imposed themselves to ensure rigorous,
harmonized, and reusable management of health data [42].

It is important to emphasize that, when this research was launched in July 2021,
neither the extent of the Long COVID phenomenon, nor the massive in ux of patients in
diagnostic and therapeutic wandering, nor the rise of such an interdisciplinary research
network were truly anticipated.
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2.1 Continuous Acquisition of Scienti c Knowledge

An Evolving Public Bibliography on Long COVID

In the era of Long COVID, medicine faces an unprecedented tension between the
exponential production of biomedical knowledge and clinicians' ability to integrate it into
daily practice. While fundamental research deploys tools of unprecedented power from
transcriptomics to metabolomics, including integrated multi-omics analysis general
practice and frontline clinical care must explore their concrete implications and engage in
more imaginative researchas T. Greenhalgh notes [43].

Long COVID represents a multidimensional challenge for both patients and health
professionals. Still poorly understood, it often remains invisible to caregivers, partly
because of a rapidly expanding scienti c literature that can overwhelm or disorient. To
address this, we created an open, structured bibliography designed to organize knowledge
in a way that re ects both clinical complexity and conceptual dimensions.

Figure 2.1 Because Long COVID is a multi-system condition, nearly all ICPC chapters are represented

in the bibliography, along with Q-Codes for conceptual dimensions. The letters from ICPC refer to body

systems (A: general, B: blood, K: cardiovascular, Z: social, etc.), while Q identi es conceptual aspects
[44].

The bibliography uses theCore Content Classi cation in Primary Care (3CGP) [45],
combining:
ICPC-2 , structuring information into 17 chapters for di erent systems and organs
(e.g., A: general problems, N: neurology, Z: social dimensions);

Q-Codes [46], classifying conceptual dimensions such as access to care, representa-
tions, ethics, and epistemology.

Both tools are freely accessible via the HeTOP terminology server [47], providing a
rigorous and evolving framework for indexing knowledge.

Since July 2021, a weekly literature watch has continuously updated this resource,
managed with Zotero, a free open-source reference manager. References come primarily
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from PubMed and Google Scholar, using descriptors such Bgst-Acute COVID-19
Syndrome [MeSH]or Long COVID [tw], yielding two to ve new citations per week on
average. Specialist social networks and direct exchanges with patients and colleagues
further enrich this database.

Each article or at least its abstract is read, summarized, and archived in Zotero
using its Google Chrome connector. Selection is made by a single observer according to
clinical, epidemiological, diagnostic, or therapeutic interest and its relevance to ongoing
research topics (multi-omics, neurobiology, imaging, qualitative research, etc.).

The resulting Long COVID Open Library is freely accessible online. Structured by both
body systems and conceptual dimensions, it constitutes a living resource for researchers,
clinicians, and patients alike [44].

2.2 General Practice Clinic and the Creation of the
Cohort

As the rst point of contact between the population and the health system, general
practice occupies a unique position for detecting emerging health problems [48]. Its close
proximity to patients, combined with continuity of care, makes it an especially favorable
setting for conducting clinical research in real-world conditions [49]. As the European Gen-
eral Practice Research Network (EGPRN) emphasizegeneral practice/family medicine
is the foundational discipline of primary health care and the cornerstone of many health
systems in Europe[50]. This central role enabled general practice to play a decisive part
in the early recognition of Long COVID [51].

2.2.1 From the First Cases to a Structured Cohort

Starting in July 2021, we observed a growing number of patients whose lives were pro-
foundly disrupted following an acute episode of COVID-19. The longitudinal perspective
inherent to general practice sometimes spanning several generations made it possible
to detect subtle yet persistent changes in health status.

One patrticularly striking case involved a patient whose severe symptoms improved
dramatically after two doses of a COVID-19 vaccine. Although the manuscript describing
this case was not accepted for publication, it remains publicly accessible [52] and marked
the starting point for a broader research initiative.

As additional cases emerged, publications on the ORBI platform of the University of
Liege attracted patients from across Belgium, far beyond our local practice in Charleroi.
This growing demand required a transition from informal note-taking to a structured
research framework, integrating ethical standards, standardized questionnaires (e.qg.,
ComPaRe), and digital tools for data collection, transcription, and analysis. Initial records
maintained in Excel were ultimately migrated to a research database @MOP CDM

format, ensuring interoperability and enabling future large-scale analyses.

2.2.2 Internal and External Cohorts
Two distinct cohorts gradually emerged:

Internal cohort:  Patients from our historical patient panel, primarily from low-
income neighborhoods (postal codes shown in red in Figures 2.2 and 2.3).
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External cohort:  Patients from across Belgium, often with higher educational
backgrounds (postal codes shown in blue in Figures 2.2 and 2.3), including some
Dutch-speaking patients, with consultations conducted in English when needed.

This unusual recruitment pattern where a neighborhood general practice attracts
patients from across the country highlights both the unmet clinical needs surrounding
Long COVID and the structural gaps within the Belgian healthcare system for managing
emerging diseases.

Figure 2.2 Distribution of postal codes for patients consulting for suspected Long COVID. Red: 76
patients from the practice's historical panel. Blue: 249 patients with other primary care physicians.
Status as of August 29, 2025 (Courtesy of Tarik Jamoulle, data engineer).

Writing the Patient's Story

For each Long COVID patient, following the method described above, we produce
a structured narrative report including: (1) pre-infection history and record of prior
morbidities; (2) acute episodes (dates of symptoms and/or RT-PCR results); (3) vaccina-
tion schedule and any adverse e ects; (4) ComPaRe questionnaire and COOP/WONCA
Charts; (5) HPO phenotypic list; (6) synthesis of specialist opinions (RSW hub protocols);
(7) follow-up recommendations.

Sources include clinical records and an in-depth interview with the patient.

The completed report is rst shared with the patient. It is then pseudonymized: all
identifying information is removed, a hon-meaningful alphanumeric code is assigned, and
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Figure 2.3 Concentration of patients in Charleroi around the Cabinet médical Janson and surrounding
areas. Blue: patients with other primary care physicians. (Courtesy of Tarik Jamoulle, data engineer).

the key is kept only by the investigating physician, in full compliance with the GDPR. All
pseudonymized reports are stored in a secure database and made available to accredited
researchers (see Appendix 6.1 for an example).

Patients are then referred, according to their speci ¢ needs, to the appropriate services
within the care pathway organized by the national health insurer [53]. This may include
neuropsychology, physical therapy, dietetics, or occupational therapy.

For patients living in Wallonia, a diagnosis of encephalitis provides access to specialized
support from the associationLe Ressort [54], which o ers professional assistance to
individuals with brain injuries.

2.3 Receiving Patients, Acquiring and Managing Their

Information
For patients in the internal cohort (regular patients), the diagnostic orientation
toward Long COVID is based primarily on clinical observations formulated by physicians

themselves [55].
In contrast, within the external cohort, it is more often the patients who initiate the
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diagnostic process. These individuals, frequently familiar with online medical resources
or with scienti ¢ backgrounds, progressively develop the conviction that they have Long
COVID and actively seek a health professional able to recognize and name their condition
[56].

They are also typically sicker, have been ill for longer, and are profoundly a ected
by prolonged diagnostic uncertainty. This dynamic takes place within a therapeutic
relationship built on mutual consent, a hallmark of general practice. In this context,
con dentiality is implicit, and professional secrecy remains fully respected.

Patient contact (phone, mail, consultation)

Study of electronic records
Literature review

'

Comorbidity collection

'

ComPaRe questionnaire

v
DUSOI severity scale

'
COOP WONCA charts (functional status)

v
Synthesis

v
Draft report for the patient

v

Consultation with the patient

v

Patient veri cation of the draft

v

Systematic interview (audio transcription)

v
Semantic / HPO coding

'

Documented clinical report

'

Send to the patient or primary physician

'

Data anonymization

'
OMOP (CDM) database for research

N N N (YN (YN Y (YN (Y (CC Y (C Y (Y (Y (Y (7Y )
-

'
-/

Figure 2.4 Operational chain: from the rst patient contact and initial data collection to the OMOP
Common Data Model (CDM) research database.

2.3.1 Acquiring Information

For patients in the external cohort, an initial email is sent to collect the personal
information required for secure access to their online medical records. Patients are asked to
provide their national identi cation number and identity card number, in full compliance
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with the legal and ethical framework governing medical con dentiality in Belgium.

Certi ed general practice software Medispring, in this case allows secure access to
the Walloon Health Network Hub, where a medical record is created for each patient.
Reports from specialists are retrieved and analyzed. An index of pre-existing health
problems is established, along with a record of acute COVID-19 episodes, previous
vaccinations, and any associated complications.

For health problems, thelnternational Classi cation of Primary Care, second revision
(ICPC-2) is used [57, 58]. Based on this information, a structured observation report
Is prepared, drawing on both medical records and responses to two standardized ques-
tionnaires (described elsewhere) sent electronically. An in-person consultation is then
proposed, and the nal report is forwarded to the primary care physician. An anonymized
version is stored for research purposes (see Appendix 6.1).

Certi ed Belgian software integrates a secure data export protocol, thBatient Mi-
gration Format (PMF) in XML, allowing complete transfer of medical records between
physicians when patients change providers. Once anonymized, these PMF les can be
reused for research purposes.

Finally, research methods evolved substantially during 2023. Initially, the analysis of
medical records was performed entirely manually, requiring a considerable time investment.
The introduction of a large language model (LLM) in this case, ChatGPT profoundly
transformed these practices. Used primarily for text analysis, this tool considerably
reduced the workload associated with producing detailed medical records while improving
both the speed and accuracy of symptom data processing.

2.3.2 Standardized Data Collection via Questionnaires

A questionnaire was developed based on the FrenClomPaRestudy [59], a prospective
cohort of adult patients with Long COVID. This cohort notably enabled the development
and validation of a scienti ¢ tool to measure Long COVID severity, relying on patient-
reported experiences and providing a ne-grained, longitudinal description of symptom
evolution [15].

The questionnaire was made available online as an electronic for@gogle Formg and
is completed by each external patient seeking a medical opinion. A unique alphanumeric
identi er is assigned to each participant, ensuring full anonymity of collected data. The
principal investigator is the only person authorized to link identi ers to patients' identities,
in strict compliance with ethical standards.

Importantly, the patient's own perception of their illness plays a central role. Here,
it is systematically collected and analyzed through standardized instruments. Both the
initial contact questionnaire and the functional indicator questionnaire (cf. infra) are
publicly accessible on the ORBI platform of the University of Liége [60].

2.3.3 Global Indicators of Severity and Functional Status

The need to quantify both the severity assessed by the physician and the functional
loss reported by the patient leads us to use two complementary instruments commonly
applied in general practice.

DUSOI

Alongside patient-reported outcome measures (PROMSs) capturing the patient's per-
spective, theDuke Severity of Iliness IndeXDUSOI) provides a standardized clinical
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assessment of severity established by the physician. Validated by Parkerssiral. [61, 62],
this tool combines four dimensions:

1. Symptomatic state
2. Complications
3. Prognostic risk
4. Therapeutic di culty

Each dimension is scored from 0 (absent) to 5 (extreme), producing an overall score
that re ects both the current intensity of the disease and the anticipated complexity of
care.

In Long COVID patients, DUSOI enables:

Objective ranking of multi-system presentations (e.g., dyspnea, dysautonomia,
cognitive dysfunction, cardiovascular disorders),

Identi cation of comorbidities in uencing prognosis,
Longitudinal follow-up of complex clinical trajectories.

When used in conjunction withCOOP/WONCA charts, which capture the patient's
own assessment of functional status, DUSOI o ers dual perspective :

The lived impact reported by the patient,
The clinical severity assessed by the physician.

This complementarity supports prioritization, planning of specialized investigations,
and the rational allocation of rehabilitation resources. Furthermore, it provides repro-
ducible outcome markers for research and evaluation of interventions.

Given the polymorbidity, symptom uctuation, and lack of reliable biomarkers in
Long COVID, DUSOI o ers a structured framework to objectify severity , track disease
evolution, and inform both clinical and research decisions.

Figure 2.5 COOP WONCA chart about social activities; During the past 2 weeks... Has your physical
and emotional health limited your social activities with family, friends, neighbours or group8
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COOP/WONCA Charts as Functional Status Indicators

In the management of patients with Long COVID, the systematic integration of
patient-reported outcome measure$PROMSs) [63] is indispensable. Such tools allow
the illness to be understood through the lens of the patient's lived experience and
functional status, beyond biological or imaging parameters alone. The dominant symptoms
of Long COVID uctuating fatigue, exertional dyspnea, cognitive disturbances, or
di use pain are profoundly subjective, vary over time, and a ect quality of life, social
participation, and return to work. These dimensions can only be fully captured through
the patient's own voice.

Among the available instruments, theCOOP/WONCA charts are particularly well-
suited:

brief (six items) and validated in primary care [64],
speci cally designed for general practice [65, 66, 67],
simple to administer, either self-completed or lled out during consultation,

covering key domains such as physical condition, daily activities, social performance,
pain, emotional state, and perceived health.

The COOP/WONCA charts express the patient's subjective perception of their health
in a simple visual format (Figure 2.5). This design promotes comprehension even in
exhausted or polysymptomatic patients and its sensitivity to change allows longitudinal
monitoring and supports personalized care plans based on shared decision-making.

Putting the COOP/WONCA charts online (available here [60]) in a Google Form,
completed at home using the same identi er as for th€omPaRe questionnaire, provides
two key methodological advantages:

1. Continuity and traceability: Data from multiple instruments can be paired for
longitudinal analyses.

2. Reduction of bias: Self-administration outside the clinical setting minimizes
the in uence of healthcare professionals and reduces the well-documented social
desirability bias [68], in which patients tend to present an overly favorable picture
of their health status.

This approach reinforces the internal validity of measurements while preserving the sim-
plicity and speed of use that make the COOP/WONCA charts so valuable for monitoring
Long COVID patients.

Combining a clinician-assessed severity index (DUSOI) with a PROM such as the
COOP/WONCA charts thus ensures a holistic, reproducible, and longitudinal assess-
ment an essential prerequisite for understanding and managing this complex, heteroge-
neous, and prolonged condition.

2.3.4 Managing Information
Limits of ICPC-2 and Use of HPO for Long COVID

The International Classi cation of Primary Care Second Edition (ICPC-2) is above
all a classi cation, that is, a conceptual ling tool based on physicians' re ection and
interpretation. The Human Phenotype Ontology (HPO) [69] belongs to the domain
of ontologies: it is a structured set of concepts, accompanied by their synonyms and
hierarchical relationships, designed to be used directly by computer systems (see Figure
2.8).
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ICPC-2 shows limitations when it comes to describing the clinical complexity of
Long COVID, characterized by marked symptomatic heterogeneity, often with subjective,
evolving, multi-system manifestations. To address these constraints, we used ne-grained
symptom indexing with HPO, which o ers a rich terminology speci cally designed to
describe human phenotypes. This indexing is not natively integrated into electronic
medical records; it was performed a posteriori using a large language model (LLM),
namely ChatGPT, after rigorous anonymization of textual data from patient records,
according to the method developed by AP-HP. [70]

Figure 2.6 illustrates the validation pipeline for phenotype labels generated by LLM.
The terms proposed by the model are compared with HPO entries by calculating semantic
similarity (cosine); valid matches (threshold> 0:80) are then mapped to SNOMED CT
and integrated into the OMOP CDM 5.4 model. This method, developed and validated
by O. Latignies (URSP-ULB) and V. Angenot (University of Liege), helps limit coding
errors related to language model hallucinations.

Figure 2.6 Validation pipeline for HPO labels generated by LLM using semantic similarities. Valid
matches are mapped to SNOMED CT and then integrated into the OMOP CDM 5.4 model (work by
O. Latignies).

Thus, automated coding by LLM proves generally satisfactory from a semantic stand-
point, with HPO terms matching patients' formulations well. However, coding errors and
false positives require semi-automatic validation to ensure compliance with ontological
standards used in clinical research.

Patients’ Words Transformed by a Symptom Ontology

Faced with the repetition of unexplained clinical manifestations in patients well known
to their physician and whose life course is profoundly altered, an in-depth exploration of
the literature and of medical terminologies became imperative. Through this work, the
unprecedented picture of Long COVID gradually emerged.

An ontology, beyond a simple dictionary, is a formal and explicit structure that
describes the concepts of a domain and the relations that unite them. [71] It integrates
logical axioms that allow automated reasoning and semantic interoperability, particularly
in natural language processing (NLP). Ontologies such as SNOMED CT, HPO, or ORDO
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thus provide a conceptual anchoring for entities extracted from clinical texts, ensuring
uniform interpretation regardless of linguistic variations. [72]

In 2021, Deeret al. proposed a Long COVID speci ¢ ontology based on HPO after
analyzing 47 scienti ¢ publications. [73] This work led to the construction of the.ong
COVID Phenotype Ontology (LCPO) comprising 286 entries. The ontology was then
cross-linked by us with ICPC-3, English version [74], o ering a bridge between Long
COVID phenotypes and general practice codes.

Figure 2.7 The 286 entries of the ontology developed by Deer et al. (2021) [73] mapped to the chapters

of ICPC-3 [74]. This work (M. Jamoulle and K. van Boven, Radboud University Nijmegen) reveals a
high prevalence of neurological, psychological, respiratory, and digestive symptoms.

This mapping of concepts present in HPO and ICPC highlights the multisystemic
nature of Long COVID. Examining Figure 2.7, we see that bibliographic citations cover
all body systems, including Psychological (P) and Social (Z), with a clear predominance
for the brain (P and N), and underscores the predominance of neurological and psychiatric
manifestations. This study also led us to use these same codes for organizing the
bibliography.

2.3.5 Analysis of Patient Verbatim and Emails

In the external cohort, emails sent by parents often contain clinical descriptions that
are already highly evocative. For both cohorts, symptom elements from exchanges with
patients are recorded anonymously, with their explicit consent. This collection during
patient interviews is carried out using a Google Pixel 6 smartphone equipped with an
automatic transcription system or a Sony recorder, with subsequent transcription via
vook.ai .

The anonymized textual transcriptions (verbatims) are rst centralized in a Google
Docs document to ensure traceability and ease of review. They are then transferred to
the ChatGPT model using a prompt speci cally designed for this task (reproduced in
Appendix 6.3). This prompt guides the model in identifying described symptoms, indexing
them, and classifying them according to a reference medical ontology in this case, the
Human Phenotype Ontology (HPO) [75, 69].

Using HPO serves a dual objective:
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Structuring clinical diversity , by capturing verbatims through controlled lan-
guage that reduces the ambiguity of patients' spontaneous descriptions.

Ensuring semantic interoperability , SO that collected data can be used consis-
tently by di erent clinicians, researchers, and information systems.

The Human Phenotype OntologyHPO) is a hierarchical, standardized vocabulary
designed to describe human phenotypic abnormalities in a comprehensive way. Each term
corresponds to a precise clinical manifestation, endowed with a unique identi er (e.g.,
dyspneaHP:0002094, in which HP: denotes thedomain spacespeci c to the ontology,
followed by seven numerical digits uniquely assigned to identify the concept. Thus,

a term is linked to a concept, and this concept is identi ed by a stable alphanumeric

string that allows computer systems to interoperate. Terms are organized by relations of
generality and speci city, making it possible to navigate from the broadest symptoms to

the nest subcategories.

Figure 2.8 Example of an Excel cell listing the signs and symptoms from a patient encounter. Each
item, separated by a semicolon, combines the standardized HPO term (English), its HPO code (URI),
and the patient's verbatim (in Dutch) in parentheses. lllustration from a database of more than 300

similar sets.

Recourse to HPO thus facilitates not only standardized clinical description but also
advanced computational use (automatic indexing, comparative analyses, integration with
other biomedical databases). This approach represents an essential step in transforming
patients' narratives into structured data that can be used both in clinical practice and in
research. The analysis of a patient interview by LLM and HPO is illustrated in Figure 2.8.

2.3.6 Imaging and Blood Sampling for Research Purposes

Depending on the clinical state of patients, di erent paraclinical tests were prescribed
to document Long COVID and to screen for possible complications. These included
laboratory tests targeting the emergence of de novo diabetes, markers of autoimmune
disease or coagulation disorders, as well as brain imaging.

Documenting Long COVID Through Imaging

The analysis of the Long COVID ontology by Deer et al. [73] (see Figure 2.7) highlighted
a condition with a strong neuropsychiatric component. Brain exploration therefore
naturally imposed itself as a central research axis. Recent literature from 2021, in particular
the work of Verger and Guedj [76, 77], highlights thanks to [*®F]JFDG PET signi cant
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regional hypometabolisms correlated with cognitive disorders and persistent symptoms.
These results support the hypothesis of di use functional brain involvement, notably in
areas implicated in attention, memory, emotional regulation, and somatic perception.
Other techniques, such as'{C]JPBR28 PET, allow evaluation of neuroglial in ammation
and its correlation with peripheral markers [78].

Conventional brain MRIs most often remain normal, which contrasts with the intensity
of reported neurological symptoms. Many teams nevertheless report the potential value
of functional MRI, an exam not yet available in routine clinical practice in Belgium.

In Belgium, the indication for [*®F]JFDG PET is limited to cases of suspected Alzheimer's
disease at the request of a neurologist. In our practice, an alternative was to prescribe
technetium brain scintigraphy, which provided particularly informative results: several
patients exhibited clear cerebral perfusion disorders compatible with vascular encephalitis.
These observations were reproduced many times. The di erence between scintigraphy
and PET is discussed in Chapter 4.5.

Technetium tomoscintigraphy coupled with computed tomography (SPECT-CT),
more accessible than PET, also makes it possible to demonstrate cerebral metabolic
abnormalities comparable to those observed in Alzheimer's disease or after a stroke [79].
SPECT-CT ECD Tc-*™ imaging, described as early as 1988 [80], is based on the use of
technetium-99m, whose uptake is proportional to cerebral blood ow [81, 82]. This tracer,
widely used in clinical practice, can be eliminated according to standard procedures and
is more environmentally friendly than PET scanning.

In some cases, head CT and MRI were included in data collection. When no prior
MRI was available, performing one was recommended in order to rule out stroke or other
silent lesions.

Through collaboration with Dr. Jean-Marc Constans, head of neuroradiology at the
Amiens University Hospital, several patients were also able to undergo magnetic resonance
spectroscopy (MRS) (see Section 3.12). Other structural or functional MRI modalities
can reveal brain changes, but they are not currently available in Belgium [83, 84, 85].

Participation in the international Long COVID congress organized in Barcelona in
2023 proved decisive. It was on this occasion that we met Dr. Constans and learned
about ongoing research on MRS [86], an examination still unavailable in Belgium. This
technique provides objective con rmation of post-COVID encephalopathy.

Functional MRI (fMRI) has likewise shown high value in the study of Long COVID
and has been the subject of numerous investigations [87, 83]. Several patients in the
cohort chose to travel abroad to access this examination at their own expense, as INAMI
refused reimbursement on the grounds that it is not yet recognized within Belgian medical
services.

29



2.4 Creation of the Long COVID Research Network

The COVID Human Genetic E ort (https://www.COVIDhge.com/) is an international
consortium aiming to discover the human genetic and immunological bases of the di erent
clinical forms of SARS-CoV-2 infection. By contacting this network, we were able to put
the recent advances of molecular biology at the service of patients and research, in an
attempt to bridge the gap between the new sciences and clinical practice.

Thanks to Professor Jean-Laurent Casanova, one of the founders of the consortium, we
established links with molecular biology researchers in Belgium, Sweden, and France. The
meeting between a frontline clinician and research laboratories proved very fruitful and
marked the beginning of our own research network. Collaboration with Professor Isabelle
Meyts, pediatric geneticist, and Professor Johan Van Weyenbergh, senior immunologist at
the Rega Institute, also opened the way to a broader network of researchers in multi-omics
and neurobiology.

The biobank of patient samples from Charleroi is a valuable resource for several studies:
in proteomics (Prof. Bart Van Puyvelde, UGent), in advanced immunology (Brodin Lab,
Karolinska Institute, Sweden), and in genomics (Dr. Aurélie Cobat, Necker Hospital,
Paris).

Professor Charles Nicaise, neurobiologist at the University of Namur, and Ms. Margaux
Mignolet, doctoral student, also joined the group for a study on patient autoantibodies
and the genesis of pain.

Figure 2.9 Long COVID Research Network. The owl is the epistemologist in observation: a symbol of
scienti ¢ questioning.

Since early 2025, Dr. Bernard Bihain, molecular biologist, and Mr. Pierre Florian,
research engineer, from Genclis (Vandoeuvre-les-Nancy, France), together with Ms. Hélene
Jeulin, virologist at the University of Lorraine in Nancy, have brought new expertise to
the network.
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The qualitative analysis of patients' lived experience is conducted by Ms. Kazeneza-
Mugisha, medical student at ULB, and by Mr. Olivier Schmitz, anthropologist at CAMG
(UCLouvain). In addition, magnetic resonance spectroscopy is performed in a subset
of patients by Professor Jean-Marc Constans, head of neuroradiology at the Amiens
University Hospital.

This network was built informally, out of shared necessity, around clinical care and
participating patients. All of this took place without prior planning or dedicated coor-
dination budget. Only curiosity and the passion to know and understand united the
participants, all of whom contributed to this volume.

In the network image, behind the owl scrutinizing the network through its magnifying
glass lies epistemology the questioning of science that should animate every researcher.

2.5 Ethical Aspects

2.5.1 Funding and Con icts of Interest
A Scienti ¢ Endeavor Driven by Volunteer Commitment

This research is above all a story of personal and collective commitment, carried by
sincere, often discreet volunteerism. In 2022, the King Baudouin Foundation granted a
personal award to Dr. Marc Jamoulle to launch the project. This support was unfortunately
not renewed, as COVID was then considered out of fashion. Thanks to the support of
Drs. Guy Baele and Emmanuel André, who invited us to contribute to a special issue of
the journal Viruses, we were nevertheless able to publish our rst advances in the eld of
scintigraphy [52].

In the face of institutional disengagement, Dr. Johan Van Weyenbergh mobilized the
remaining resources of his laboratory at the Rega Institute to continue the work. He
invested tirelessly, sacri cing evenings and nights to analyze the rst fty blood samples
generously donated by patients. This hard work resulted in a 2024 publication iFhe
Lancet Microbe [88], which attracted the interest of two U.S. organizations dedicated to
supporting research on Long COVID.

At that stage, our team was forced to pause analyses due to a lack of funds to acquire
the necessary reagents. About one hundred samples thus remained pending, stored in the
freezer, in the hope of better days. Only in the autumn of 2024, thanks to substantial
funding from the PolyBio Research Foundation (US), were we able to order the reagents
required for transcriptomic analyses and resume investigations.

Repeated appeals to Belgian institutions ministries of health, KCE, Sciensano, and
other agencies unfortunately went unanswered. Research on Long COVID in our country
seemed destined for indi erence, as if an implicit watchword had been issued: COVID is
a thing of the past.

Since 2025, the company GENCLIS SA (Nancy, France), whose CEO is Dr. Bernard
Bihain, has shown interest and provided support for our work.
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2.5.2 Research Ethics
ULg Ethics Committee Descriptive Long COVID Study

The University of Liege hospital faculty ethics committee stated, in an opinion dated
January 27, 2022, that the descriptive and narrative study of Long COVID cases in general
practice did not fall within the scope of the law of May 7, 2004, on human experimentation.
No negative ethical opinion was issued.

Independent Ethics Committee UZ/KU Leuven

The COVID-19 resistance study, coordinated in Leuven by Prof. Isabelle Meyts
(UZ/KU Leuven) in collaboration with the international COVID-HGE consortium, aims
to identify genetic and immunological factors conferring protection against SARS-CoV-2.
It particularly seeks to understand why some individuals, although highly exposed, do
not develop the infection or present only asymptomatic forms.

This research is based on the collection of clinical and biological data from question-
naires and blood draws in infected patients or their relatives. Samples are analyzed to
detect the presence of antibodies and to assess potentially protective immunogenetic
markers. The study is strictly supervised ethically and legally, in accordance with GDPR
requirements and Belgian law, with pseudonymization of data and traceability of informed
consent.

No risky medical procedures are involved, apart from a single venipuncture. The results,
coded and anonymized, may be published for scienti ¢ purposes. Biological samples are
stored for up to 10 years for possible related research. Participation is voluntary, free of
charge, and can be stopped at any time without consequence for care. Insurance covers
any potential harm. The principal investigator, Dr. Marc Jamoulle, undertakes to respect
the principles of the Declaration of Helsinki and good clinical practice.

UNamur Ethics Committee Autoantibodies and Neurological Sequelae

This pilot study, conducted by CHU UCL Namur and the University of Namur,
aims to search for autoantibodies directed against the nervous system in patients with
Long COVID and neurological sequelae. It combines a standardized neuropsychological
assessment with a blood draw (120 mL) for laboratory analyses. Data and samples
are processed anonymously and stored for 10 years. Participation is voluntary, without
impact on the quality of care, and governed by Belgian and European regulations on data
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protection and human research. The study was approved by the CHU UCL Namur ethics
committee.

The hospital faculty ethics committee of CHU UCL Namur (Godinne site) approved,
in May 2023, an amendment to the protocol of the single-center study entitled Study of
the Pathogenicity of (Auto-)Antibodies in Patients with Long COVID and Neurological
Sequelae, led by Profs. Pierre Bulpa and Charles Nicaise. This approval concerns the
updated version of the protocol and the information and consent documents, in compliance
with Belgian law of May 7, 2004, on human experimentation and ICH/GCP guidelines.
The committee recalls the personal responsibility of the principal investigator in the
conduct of the study.

2.5.3 Con dentiality, Pseudonymization, and Research
Secure Extraction of Health Data

Research on Long COVID relies on the ability to collect and analyze personal health
data often sensitive derived from general practice consultations. This reality raises
crucial issues of con dentiality, security, and ethics. In Belgium, extracting such data from
software used in frontline care, such as Medispring, makes the use of pseudonymization
or anonymization tools indispensable, whether for quantitative information (results,
scores, timelines) or qualitative information (expressed symptoms, narratives, interview
transcripts).

Identi able entities in clinical documents targeted by the EDS Pseudo system

" ADRESSE Street address, e.g., 33 boulevard de Picpus

" DATE Any absolute date other than a birthdate

" DATE_NAISSANCE Birthdate

" HOPITAL Hospital name, e.g., Hopital Rothschild

" IPP Internal AP-HP identi er for patients, displayed as a
number

" MAIL Email address

" NDA Internal AP-HP identi er for visits, displayed as a num-
ber

" NOM Any last name (patients, doctors, third parties)

" PRENOM Any rst name (patients, doctors, etc.)

"~ SECU Social security number

" TEL Any phone number

" VILLE Any city

~ZIP Any zip code

In this respect, the initiatives implemented by the Assistance Publique Hopitaux de
Paris (AP-HP) are a useful reference. AP-HP has developed a Health Data Warehouse
(Entrep6t de Données de Santé, EDS) bringing together data on more than 13 million
patients. To ensure security, two approaches are used:

Pseudonymization : replacing identifying data with codes, while preserving the
possibility of re-identi cation by authorized managers only.

Anonymization : removing any information that could identify an individual,
making re-identi cation impossible.
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In 2023, AP-HP validated a natural language processing algorithm to pseudonymize
clinical documents automatically. This hybrid system, combining deep learning and expert
rules, achieves remarkable performance (F1l-score of 0.99). It allows secure access to
textual data, in compliance with medical con dentiality, and thus promotes responsible
research [89]. Technical details and source code are openly available on the AP-HP
EDS-Pseudo GitHub platform, paving the way for adaptations in other clinical contexts,
including general practice.

Within this framework, and during data extraction from consultations or electronic
medical records, our team uses analogous procedures to ensure patient protection. Struc-
tured reports or transcripts from clinical interviews undergo rigorous processing to preserve
privacy, in line with European best practices in ethics and data security.
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Chapter 3

Results

3.1 Description of the Long COVID patient cohorts
followed at the Janson Medical Practice, Charleroi

by Marc Jamoulle

3.1.1 Cohort distribution

As of August 15, 2025 , the cohort initiated in July 2021 includes a total of 329
patients , of whom 222 women (67.5%) and107 men (32.5%).

Figure 3.1 shows the distribution of patients by sex and type of primary care physi-
cian. Amongwomen, 79.3% (176/222) are followed byexternal physicians and 20.7%
(46/222) by internal physicians, meaning physicians from the Janson Medical Practice.
Among men, 72.0% (77/107) are followed byexternal physicians and 28.0% (30/107) by
physicians from the Janson Practice.

Figure 3.1 Distribution of the cohort (n=329) as of August 15, 2025, by sex and type of primary care
physician. Absolute values are shown on the left and percentages (100% by sex) on the right.

Figure 3.1 shows the situation observed at the time of writing this paper. The analyses
presented below speci cally concern the status of the cohort as of July 1, 2025, when it
included 307 patients, as shown in Figure 3.2.

On July 1, the rst cohort consisted of 70 so-called internal patients, followed
long-term at the Janson Medical Center, located in a working-class neighborhood of
Charleroi marked by the legacy of deindustrialization. These patients, well known to
their general practitioners, mostly live in hardship, often aggravated by drug addiction or
dependence on social assistance programs. Their education level is generally low, with few
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having completed higher education. However, their close relationship with their physicians
enabled rapid detection of health deteriorations after the acute phase of COVID-19.

Among 70 patients identi ed as having long COVID within our practice, the course
three years after the acute phase was heterogeneous: about one-third had regained
satisfactory health, with post-COVID fatigue and associated symptoms only a memory;
another third resumed an almost normal life but retained sequelae, mainly memory
disorders; nally, nearly one-third remained severely a ected, completely unable to resume
professional or social activities.

Figure 3.2 Age and sex distribution of all consulting patients clinically a ected by long COVID (307
people as of July 1, 2025). Women: 67%. Youngest patient: 6 years, oldest: 83 years. Consultations,
Charleroi. Dr. Jamoulle and Dr. Zayane, 2021 2025.

The second cohort consists of 237 so-called external patients who, after a long journey
to access care, came to consult in Charleroi. Their socioeconomic pro le contrasts sharply
with that of the internal patients: they are mostly highly educated individuals working
in cognitively demanding professions lawyers, physicians, architects, IT specialists,
psychologists, or corporate executives. Before the onset of symptoms, no sign of economic
vulnerability was apparent. Possessing signi cant intellectual resources, these patients
extensively researched online and mobilized their networks to understand a severe symp-
tomatology long ignored by primary care medicine. At their rst consultation at the
Janson Medical Center, most were on prolonged sick leave, indicating major functional
impairment despite their high socio-cultural capital. In contrast with the local cohort,
the illness remained severe over time for most of these patients.

Thus, the two cohorts di er clearly, both in socioeconomic context and in post-COVID-
19 clinical trajectory. Age group analysis further shows that most patients belong to the
working-age population.

Within the cohort, there are also:

1 infant (born after maternal COVID infection during pregnancy),
1 child aged 6 years,

8 children aged 10 to 15 years,

9 adolescents aged 15 to 20 years.
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These children and adolescents have been ill for an average of about four years,
re ecting the marked chronicity of the condition. An illustrative example is shown in
Figure 3.8. A specic cohort of ten children, aged 7 to 16 years, is the subject of a
dedicated analysis and is presented in detail in the Results section (see Section 3.5).

3.1.2 Gender-based Analysis of Long COVID Distribution in Two
Clinical Cohorts

The comparison of the internal and external cohorts provides insight into the gender
dynamics at play in the epidemiology and recognition of long COVID. Across both groups,
there is a clear overrepresentation of women, with a ratio of more than two women for
every man. This distribution is consistent with trends reported in other long COVID
studies [90].

Several factors may contribute to this disparity:

Biological factors: Women generally have stronger immune reactivity, which may
favor prolonged in ammatory or autoimmune responses.

Societal factors: Women tend to consult more frequently for functional disorders
and are more likely to verbalize chronic su ering.

Medical and structural factors: Recognition of Long COVID often depends on
self-reported symptoms; prevailing notions of the credible patient may privilege
certain gendered pro les, reinforcing diagnostic bias.

Masculinist bias in medicine: ~ The medical eld has historically been shaped by
male-centered perspectives, with clinical trials and diagnostic frameworks often built
around male physiology. This structural bias may contribute to under-recognition
or trivialization of women's symptoms in conditions such as Long COVID.

This gender imbalance, far from being a methodological artifact, underscores broader
structural health inequalities. It must be taken into account in the organization of care,
the design of research protocols, and the development of public health policy. Overall, the
marked predominance of women in both diagnosis and follow-up calls for a di erentiated,
gender-sensitive approach to better understand and treat individuals a ected by this still
poorly understood condition.

3.1.3 Infection Curve of the Cohort Patients by SARS-CoV-2

For a portion of the cohort, we were able to obtain the date of acute SARS-CoV-2
infection through positive PCR results. However, many patients had no PCR con rmation,
either because testing was not yet available at the time, was not performed or considered,
was no longer reimbursed, or, in rare cases, because the patient did not recall having had
an acute COVID episode despite a family infection.

Figure 3.3 presents the infection curve of the cohort. Analysis of follow-up data from
200 patients shows that case dynamics closely mirrored the major European epidemic
waves.

In March 2020, more than 30 cases were recorded, corresponding to the rst wave
linked to the ancestral Wuhan strain. In fall 2020, the number of cases peaked at nearly 35,
in parallel with the second wave and the emergence of the Alpha variant [91, 92]. Another
rise was observed in fall 2021 (about 20 cases), coinciding with the Delta wave that was
then dominant in Europe [93]. Finally, from December 2021 onward, cases stabilized at a
low level, associated with the spread of the Omicron variant and its sublineages, which
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were more transmissible but generally less severe and linked to a reduced likelihood of
long COVID [94].

Figure 3.3 Monthly infection curve of 200 patients clinically a ected by acute COVID who subsequently
developed long COVID. Consultations, Charleroi. Dr. Jamoulle and Dr. Zayane, 2021 2025.

3.2 Evaluation of the Severity and Functional Status of
Long COVID Patients

By Marc Jamoulle

3.2.1 Clinical Severity Index at Cohort Entry

Clinical severity was assessed by the physician during the initial in-person consultation,
using the DUSOI severity index. This index allows classi cation of cases according to
four degrees: moderate, severe, very severe, and extreme.

The moderate category (rated 2) 38 patients presented with unusual symptoms
such as recurrent headaches, tinnitus, or paresthesia, but without major impact on daily
life.

The severe category (rated 3) 122 patients whose daily life was disrupted by
multiple symptoms, especially recurrent fatigue; activities remained possible but often
only part-time.

The very severe category (rated 4) 154 patients who had lost the ability to
lead an independent life. They were no longer professionally active, or only episodically
for the most resilient, and required support in managing daily activities.

The extreme category (rated 5) 2 patients with the most severe forms: one pa-
tient died following a recurrence of hematologic cancer, and the other remained hospitalized
for a polymorphic debilitating condition without a de nitive diagnosis.

This severity index, as estimated by the clinician, thus provides an essential benchmark
for understanding multimorbidity and the trajectories observed in Long COVID.
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Figure 3.4 Severity levels of the cohort according to the DUSOI. Data available for 316 patients out of
a total of 337 included (as of January 15, 2025; consultations Dr. Jamoulle, 2021 2025).

3.2.2 Self-Assessment by Patients Using the
COOP/WONCA Charts

As described in the Methods section, patients completed tHteOOP/WONCA Charts
online using their unique identi er. This procedure enabled standardized collection of
patient-reported outcomes (PROMSs) while ensuring continuity and anonymity.

Functional assessment highlights a severe and generalized impairment across several
key dimensions of daily life. A detailed analysis of results obtained from a sample of
patients reveals a marked concentration of scores in the most severe categories, with major
consequences on the ability to maintain professional, educational, or social activities. This
situation raises important public health concerns, both clinically and socioeconomically.

Figures 3.5 and 3.6 show the analysis of the collected data. A predominance of scores
4 (very severe) and 5 (extremely severe) is observed across all evaluated dimensions.
The weighted mean of responses per dimension ranges from 3.8 to 4.2, indicating major
functional impairment.

81.7 % of respondents perceive themselves as being in a very severely or extremely
impaired health state.

Emotional and social dimensions show signi cant loss of functioning, with more
than two-thirds of patients in the highest score ranges.

Daily activities are compromised in nearly 70 % of respondents.
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Figure 3.5 Patients' perceptions expressed through responses to 6 COOP Charts. Scores from 1
(excellent health) to 5 (very impaired health). A patient in excellent health would have a score of 6/30.
Here we show the percentage for each score. The disease severely a ects patients' functional status.

Figure 3.6 Distribution of severity scores from the 6 COOP Charts perceived by 203 patients. We
observe that health status is severely impaired, remains unchanged, or worsens. Under these conditions,
patients can no longer work and schoolchildren no longer attend school.
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3.2.3 A New Clinical Posture: Shared Observation

In the context of a new disease, no one knows anything neither the patient nor the
physician. The physician patient relationship must be reinvented. Time must be taken to
listen, to document, and to map the reported symptoms. The physician thus becomes a
kind of Humboldt, exploring a new clinical territory in which the patient is the expert
of their lived experience [1]. This type of relationship, based on reciprocity and shared
expertise, ts into a clinical partnership approach [95].

This partnership requires tools to organize and cross-reference knowledge: on the one
hand, knowledge derived from patients' subjective experiences; on the other, knowledge
from the scienti c literature and the collective expertise of caregivers.

Regarding patients' experiences, tools such as patient texts (personal records, lived
stories, emails), the electronic medical record, automatic transcription of clinical interviews,
and symptom annotation using the HPO ontology are mobilized.

Figure 3.7 Patient as expert of their disease. Drawing and notes brought to consultation. Reproduced
with the patient's permission (M. Jamoulle, 2024).

An example of such material is shown in Figure 3.7. Two drawings brought by the
patient illustrate her lived experience of the illness. In the rst, she describes (in French)
her condition with powerful metaphors:It is like trying to swim without legs. Everything
eats away at me. Struggling to live. Exhausted. Impossible! | can't do it! Physical distress.
Sometimes swallowing water. No time to breathe. Stop struggling! Sleep! It feels like
drowning.

The second drawing takes the form of a circular graph, starting frorsince June 2020
and unfolding clockwise. The patient maps a cascade of symptonstiortness of breath,
muscle fatigue, visual decline, headaches, migraine, memory problems, a question mark,
word- nding di culties (simple words!), recurrent u-like episodes, long remissions of
several months, followed by hair loss, low blood pressure, post-exertional malaise, and
what she calls * morning sickness * (nausea, alternating hot and coldJogether, these
drawings provide a striking narrative of her uctuating but persistent illness experience.

The consequences are economic (income loss, nancial hardship) but also social and
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